It has been shown previously that increased circulating endothelial cells-derived extracellular vesicles represent an important pathological attribute of pulmonary hypertension. Although it is a well-known fact that inflammatory cells may also release extracellular vesicles, and pulmonary hypertension is a disease associated with abnormal inflammation, there is no profound knowledge with regard to the role of inflammatory cells-derived extracellular vesicles. Therefore, our study demonstrated that circulating levels of extracellular vesicles derived from T-cells are enhanced in various pulmonary hypertension forms and that endothelial cells-derived extracellular vesicles may have distinctive profiles in different clinical subgroups of pulmonary hypertension, which still remains as a poorly treatable and life-threatening disorder.
In the previous years, some studies described the altered circulating profiles of endothelial cells-derived and procoagulant MPs in the context of pulmonary hypertension (PH). [2] [3] [4] [5] Amabile et al. have demonstrated that patients with precapillary PH had significantly higher levels of circulating endothelial cells-derived MPs and some MPs correlated with increased mean pulmonary arterial pressure (mPAP). 2 In addition, EVs may also be active pathological players in pulmonary vascular disease development/progression, considering the fact that they represent carriers for various micro-RNAs. 6 Although there are evidences about the potential involvement of endothelial cells-derived MPs in the PH pathology, there is insufficient knowledge with regard to the inflammatory cells-derived MPs. 2 It is well known that massive accumulation of inflammatory/ immune cells is a characteristic of PH, and inflammatory cells-derived MPs were found to play a pathogenic role in some lung disorders. 7, 8 Finally, the levels of circulating endothelial cells-derived MPs in different clinical forms of PH are still not analyzed in detail.
Therefore, our study aimed to investigate the circulating profiles of different inflammatory (CD3 (T-cells), CD14
(macrophages/monocytes), CD68 (macrophages)) and endothelial (CD62E (E-selectin) and CD144 (VE-cadherin)) cellsderived EVs in various clinical subgroups of PH.
Human blood samples were prospectively collected during right heart catheterization from non-PH subjects as controls and patients with different forms of PH: idiopathic/ heritable PAH (i,hPAH), associated PAH (connective tissue disease, portal hypertension and congenital heart disease), PH due to left heart disease (LHD-PH), PH due to chronic obstructive pulmonary disease (COPD-PH), PH associated with lung fibrosis (fibrosis-PH) and chronic thromboembolic PH (CTEPH). As a limitation of the study, it is important to mention that non-PH control is based on patients that were excluded from any form of PH, but still can suffer from other health disorders which may be associated with altered EVs as well. Different available clinical parameters of the patients (age, gender ratio, New York Heart Association Functional Classification (NYHA) and hemodynamics) are summarized in Table 1 . The study was approved by the local ethical committee of the Justus-Liebig University in Giessen. Three milliliters of the platelet-free plasma (PFP) was obtained from the blood taken from each patient and drawn into citrated tubes, by successive centrifugation (500 g/15 min, followed by 10,000 g/5 min at room temperature) as previously reported.
2 PFP samples were initially stored at À80 C and used later for flow cytometry (BD LSRFortessa tm ) quantification of different inflammatory (CD3, CD14 and CD68) and endothelial (CD144 and CD62E) cell-derived EVs, similarly as described in the literature. 2, 9, 10 Briefly, for each analysis, 50 ml of freshly thawed PFP samples were incubated for 20 min in the dark at room temperature with different fluorochrome-labeled antibodies or corresponding isotypematched IgG, including: anti-CD3-PE (Phycoerythrin) (BD Pharmingen), anti-CD14-PE (R&D Systems), anti-CD68-PE (R&D Systems), anti-CD144-PE (BD Pharmingen) and anti-CD62E-Allophycocyanin (BD Pharmingen). EVs were identified as events with a 0.5-3 mm diameter on forward light scatter and side-angle light scatter intensity dot-plot representation, by comparison to flow cytometry calibration beads and analyzed for their specific fluorescence. Due to this size determination, we have used the term EVs, which is also considered to be the preferred generic term, as indicated in the literature. 11 Results were expressed as events per microliter of plasma (events/ml) and presented as mean AE SEM in percentage,
Our results revealed that there was a prominent increase in the levels of circulating CD3 (T-cell)-EVs in all analyzed clinical forms of PH compared to the non-PH control, with the profiles for i,hPAH and CTEPH being statistically significant (Table 2) . In contrast to the T-cells-derived EVs, there was no convincing change in the circulating profiles for macrophages/monocytes, as evident from the comparable levels of CD14-EVs and CD68-EVs in the most of clinical PH forms in comparison to the non-PH control (Table 2) . Only the slight tendencies of augmented or even decreased levels of CD68-EVs were noticed in the case of i,hPAH and CTEPH, and associated PAH, respectively, compared to their controls. With regard to the endothelial cells-derived EVs, there was no substantial alteration in the levels of circulating CD144-EVs, except slight tendencies to increase in most of the PH subgroups, as compared to the non-PH control (Table 2) . But CD62E-EVs demonstrated more conclusive information about the endothelial cellsderived EVs. There were enhanced levels of circulating CD62E-EVs in associated PAH, COPD-PH and CTEPH The patients' characteristics/clinical parameters, such as age, gender ratio, mean pulmonary arterial pressure (mPAP), pulmonary vascular resistance (PVR) and New York Heart Association Functional Classification (NYHA) classes are given. Available values with the numbers of patients for each PH group are presented as mean AE SEM. f: female; m: male; non-PH: control (excluded PH); i,hPAH: idiopathic/heritable pulmonary arterial hypertension; LHD-PH: PH due to left heart disease; COPD-PH: PH due to chronic obstructive pulmonary disease; CTEPH: chronic thromboembolic pulmonary hypertension; na: not available.
in comparison to the non-PH control group, with statistically significant difference in the case of CTEPH (Table 2) . Interestingly, there were no prominent changes in other PH forms, such as i,hPAH, LHD-PH and fibrosis-PH. Furthermore, there were positive correlations between the circulatory levels of CD3-EVs and mPAP and pulmonary vascular resistance (PVR) values, respectively. However, the correlations did not reach the statistical significance (data not shown). Finally, there was no correlation between the levels of CD62E-EVs and mPAP, but there was a significant positive correlation between CD62E-EVs circulatory levels and PVR (data not shown).
We have demonstrated for the first time the augmented circulatory levels of EVs derived from T-cells. This finding may fit in the current paradigm of PH as an ''inflammatory disorder'', since various inflammatory cells, including T-cells, are accumulated in the remodeled pulmonary vasculature and lungs of idiopathic PAH patients. 8 Interestingly, EVs derived from monocytes/macrophages, inflammatory cells which are also described in the context of this disease, 8 did not show an alteration in the profile. In the past, several studies indicated the involvement of endothelial cellsderived MPs in the pathology of PH. [2] [3] [4] [5] Finally, the literature suggested the augmentation of circulatory levels of CD62E-MPs in precapillary PH. 2, 5 We have analyzed the profile of CD62E-EVs in different forms of PH, and found a prominent increase in associated PAH, COPD-PH and CTEPH.
In conclusion, we have found the increased levels of the circulating EVs which originate from T-cells in different clinical forms of PH. Therefore, future studies should focus to identify whether there are promising biomarker properties as well as to reveal a potentially active role of this inflammatory cells-derived EVs in the pathogenesis and progression of PH. Finally, endothelial cells-derived EVs may have distinctive circulating profiles in different clinical PH subgroups.
Some data from this study have been previously reported in the form of abstract during the ATS conference in 2018.
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